Introduction {#sec1-1}
============

Prostate cancer (PCa) represents the second most commonly diagnosed malignancy and the sixth leading cause for cancer related death among men worldwide(Jemal et al.,2010). Although use of the prostate specific antigen (PSA) as a diagnostic marker has improved the detection of PCa, its low sensitivity and specificity for PCa makes early finding of PCa difficult. More, PSA levels are frequently elevated in benign prostatic hyperplasia (BPH). There is, therefore, an urgent need for novel biomarkers that can effectively distinguish PCa from BPH.

Activated platelets play a critical role in cancer progression and metastasis (Bambace and Holmes, 2011; Goubran et al., 2014). Mean platelet volume (MPV) is a marker of activated platelets and is associated with gastric cancer, ovarian cancer, lung cancer, colon cancer, and breast cancer (Gu et al., 2015; Kemal et al., 2014; Kilincalp et al., 2014; Kumagai et al., 2015; Li et al., 2014). Platelet distribution width (PDW), another platelet parameter, indicates variation in platelet size and differentially diagnoses thrombocytopenia (Kaito et al., 2005).

Combination of several biomarkers for early detection may lead to enhanced sensitivities and specificities. The aim of the current study was to determine the ability of PSA, MPV, and PDW, individually or in combination, to distinguish PCa from BPH.

Materials and methods {#sec1-2}
=====================

Study population {#sec2-1}
----------------

100 patients with PCa and 108 patients with BPH were admitted to the third affiliated hospital, Harbin Medical University between Jan 2015 and Dec 2015. Patients meeting all of the following requirements were eligible for enrollment: (1) undergone surgical resection and diagnosis was confirmed by histology; (2) untreated before diagnosis; (3) measurement of PSA before surgery. Exclusion criteria included: hematological disorders, hypertension, diabetes mellitus, and medical treatment with anticoagulant, statins, and acetylic salicylic acid. Written informed consents were obtained from all patients. This study was approved by the Institutional Review Board of Harbin Medical University Cancer Hospital.

Clinical examination and biochemical measurements {#sec2-2}
-------------------------------------------------

All the subjects underwent physical examination. Clinical data including smoking status, medical history and medication use were recorded for each subject. Venous blood samples after a 10-hour overnight fasting were collected from the individuals within 1 week prior to surgery. The serum prostate specific antigen (PSA) was measured using an automatic electrochemistry luminescence immunoassay system (ROCHE cobas 8000; Roche, Germany). Platelet indices were measured by an autoanalyzer (Sysmex XE-2100, Kobe, Japan). The whole blood samples were collected in EDTA-containing tubes, and all samples were processed within 30 minutes after blood collection. The inter- and intra-assays coefficients of variation (CVs) of all these assays were below 5%.

Statistics {#sec2-3}
----------

The descriptive statistics are presented as means ± SD or medians (interquartile range) for continuous variables and percentages of the number for categorical variables. Inter-group differences in categorical variables were assessed for significance using the Chi-square test; differences in continuous variables were assessed using the Mann-Whitney U test or t-test. ROC curves were calculated to analyze AUC values of measured serum markers, and the differences in the area under the curve (AUC) were detected by using MedCalc version 15.0. Two-tailed values of P \<0.05 were considered statistically significant. Statistical analyses were performed using SPSS Statistics version 22.0 (SPSS Inc., Chicago, IL, USA).

Results {#sec1-3}
=======

The clinical characteristics of the subjects are shown in [Table 1](#T1){ref-type="table"}. The mean ages of the patients with BPH and PCa were 69.7 (8.1) years and 70.2 (5.4) years, respectively. Age, BMI, smoking, fasting plasma glucose, white blood cell, and platelet count in two groups had no difference. The levels of PSA and PDW are significantly increased, and MPV and haemoglobin are reduced in PCa patients compared with BPH patients.

###### 

Clinical and Laboratory Characteristics of the Participants

  Variables               Prostate cancer      Benign prostate hyperplasia   p-value
  ----------------------- -------------------- ----------------------------- ----------
  Number                  100                  108                           
  Age (years)             69.7 (8.1)           70.2 (5.4)                    0.618
  BMI (kg/m^2^)           23.6 (3.2)           23.2 (2.9)                    0.326
  Current smoker (n, %)   10 (10.0)            9 (8.3)                       0.677
  FPG (mmol/L)            5.15 (4.82-5.86)     5.04 (4.83-5.37)              0.273
  WBC (×10^9^/L)          6.87 (2.37)          6.70 (1.41)                   0.527
  Haemoglobin (g/dl)      133.7 (16.6)         139.3 (15.6)                  0.014
  Platelet (×10^9^/L)     214.6 (65.3)         215.7 (63.6)                  0.898
  MPV (fL)                8.5 (1.6)            9.9 (1.6)                     \< 0.001
  PDW (%)                 16.7 (1.7)           17.8 (1.3)                    \< 0.001
  PSA (ng/ml)             65.0 (22.0--100.0)   10.0 (5.0--14.0)              \< 0.001

Data are presented as means (SD) or median (interquartile range) or percentage; BMI, body mass index; FPG, fasting plasma glucose; PSA, prostate specific antigen; WBC, white blood cells; MPV, mean platelet volume; PDW, platelet distribution width.

The relationships between MPV, PDW and PSA levels and clinicopathologic characteristics in PCa are listed in [Table 2](#T2){ref-type="table"}. PSA levels were associated with lymph node status and metastasis (p=0.002).

###### 

Correlations Between Clinic Pathological Features and Pre-operative PSA, MPV, and PDW in Prostate Cancer.

  Variables           N    PSA (ng/ml)           P value    MPV (fL)    P value   PDW (%)      P value
  ------------------- ---- --------------------- ---------- ----------- --------- ------------ ---------
  Age (years)                                    0.429                  0.839                  0.763
   ≤ 70               49   61.0 (16.5--100.0)               8.4 (1.4)             16.8 (1.6)   
   \>70               51   67.0 (32.0--100.0)               8.5 (1.9)             16.7 (1.8)   
  PSA (ng/ml)                                    \< 0.001               0.689                  0.857
   ≤ 10               26   4.0 (2.0--6.0)                   8.6 (2.2)             16.7 (1.4)   
   \> 10              74   100.0 (51.0--100.0)              8.4 (1.4)             16.7 (1.8)   
  Gleason score                                  0.496                  0.131                  0.082
   \< 7               43   97.0 (18.5--100.0)               8.2 (1.7)             17.2 (1.4)   
   = 7                46   51.0 (24.0--100.0)               8.8 (1.6)             16.4 (1.9)   
   \> 7               11   62.0 (10.0--100.0)               8.2 (1.0)             16.4 (1.7)   
  Clinical T stage                               0.277                  0.181                  0.189
   T1-T2b             71   60.0 (19.5--100.0)               8.6 (1.8)             16.6 (1.8)   
   ≥ T2c              29   100.0 (24.0--100.0)              8.1 (1.2)             17.1 (1.4)   
  Lymph node status                              0.002                  0.234                  0.196
   Negative           87   57.0 (17.5--100.0)               8.5 (1.6)             16.6 (1.8)   
   Positive           13   100.0 (85.8--100.0)              8.0 (1.5)             17.3 (1.0)   
  Metastasis                                     0.002                  0.132                  0.155
   No                 83   57.0 (17.0--100.0)               8.4 (1.6)             16.6 (1.8)   
   Yes                17   100.0 (85.8--100.0)              7.9 (1.6)             17.3 (1.2)   

PSA, prostate specific antigen; MPV, mean platelet volume; PDW, platelet distribution width.

In [Table 3](#T3){ref-type="table"}, the sensitivity, specificity, positive predictive value, negative predictive value, and area under curve (AUC) values are presented for MPV, PDW, PSA, the combination of MPV, PDW, and PSA. PSA had the highest specificity (93.5%), but at the cost of an unsatisfactory low sensitivity (72.2%). The sensitivity of PSA markedly increased and the specificity of PSA did changed when the combination of PDW, MPV, and PSA were applied. Single biomarkers had AUC values ranging from 0.683 for PDW to 0.865 for PSA; the combination of PDW, MPV, and PSA increased the AUC to 0.935 (p \< 0.0001) ([Figure 1](#F1){ref-type="fig"}).

###### 

Receiver Operating Characteristic Curve Analyses Showing the Utility of Alone or Combined Markers for Differentiating Prostate Cancer from Benign Prostate Hyperplasia

  Marker        Sensitivity (%)   Specificity (%)   PPV (%)   NPV (%)   AUC
  ------------- ----------------- ----------------- --------- --------- ---------------------
  MPV (fL)      69.0              71.3              69.0      71.3      0.742 (0.677-0.800)
  PDW (%)       61.0              67.6              63.5      65.2      0.683 (0.615-0.746)
  PSA (ng/ml)   72.2              93.5              90.9      78.9      0.865 (0.810-0.908)
  PSA+ MPV      81.4              87.0              84.9      83.9      0.901 (0.852-0.939)
  PSA+ PDW      80.4              92.6              90.7      84.0      0.905 (0.856-0.941)
  PSA+MPV+PDW   79.4              93.5              91.7      83.5      0.935 (0.892-0.964)

PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve; PSA, prostate specific antigen; MPV, mean platelet volume; PDW, platelet distribution width.

![Receiver- Operator Characteristics (ROC) Curve for PSA, MPV, and PDW Combined Showing Sensitivity and 1-specificity of the Differential Diagnosis of Prostate Cancer Versus Benign Prostate Hyperplasia.](APJCP-19-699-g001){#F1}

Discussion {#sec1-4}
==========

Our study showed that PSA, and PDW are markedly higher and MPV is significantly reduced in PCa patients than in BPH patients. In addition, PSA, MPV, and PDW in combination significantly enhance the ability to distinguish PCa from BPH.

The mechanisms underlying the association of MPV and PDW with PCa are currently unclear. Numerous studies have identified enhanced platelet activation occurred in PCa. The platelet-derived growth factor (PDGF) proteins are potent stimulators of cell proliferation/transformation in PCa (Ustach et al., 2004). High expression of PDGF alpha-receptor activation is associated with bone metastases in castration-resistant PCa (Russell et al., 2010). Targeting PDGF alpha-receptor effectively counteracts skeletal metastases in PCa mice (Russell et al., 2010). These data are also in agreement with the current knowledge that anti-platelet is considered to be a part of cancer adjuvant therapy (Mezouar et al., 2016). MPV is an early marker of activated platelets. Lower MPV values could be suggestive of an enhanced consumption of large platelets in inflammatory states (Gasparyan et al., 2011). Recent studies confirmed that low levels of MPV are associated with high-grade inflammatory diseases and reverse in the course of anti-inflammatory therapy Gasparyan et al., (2011). Consistent with our results, Inagaki and Kumagai et al., (2014) reported that low MPV level was associated with poor prognosis in non-small-cell lung cancer. Aksoy et al., (2008) observed that solid tumors with bone marrow metastasis were more likely to have low MPV levels. In line with previous results, our study indirectly confirmed the findings using simple indicators of platelet activation.

Nearly 15--25% of PCa patients had normal levels of PSA (Greene et al., 2013). On the other hand, high PSA levels are frequently detected in BPH patients (Thompson et al., 2004). Therefore, identification of new biomarkers to correctly identify PCa patients would help to prevent individuals with BPH from getting unnecessary biopsies and from the side effects of overtreatment. Our study found that the AUC values for discriminating PCa from BPH range from 0.683 for PDW to 0.865 for PSA, respectively. The combination of PSA, MPV, and PDW increased the AUC to 0.935, significantly higher than those of any single marker. Furthermore, we found that PSA combined with MPV and PDW had higher sensitivity compared to PAS alone. Therefore, a combination of three serum markers is a more comprehensive parameter for cancer detection than single index in PCa patients.

In conclusion, a combined use of PSA, MPV, and PDW can be used as a surrogate for the presence of PCa. The results need to be validated with additional investigations.
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